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ABSTRACT 
Abstract of a dissertation submitted in partial fulfillment of the requirement 
for the Degree of Bachelor of Agricultural Science with Honours 
Early development characteristics of different clover species during 
establishment 
By 
L. K. Murray 
 
Maximizing the proportion of legumes in dryland pasture swards is important to provide N 
to the soil through nitrogen fixation and for large animal live weight gains.  The 
establishment and early seedling characteristics of legumes has a major effect on legume 
survival in a pasture.  The aim of this experiment was to quantify some seedling 
development characteristic to gain an understanding, of which species would be best suited 
to grow in dryland pasture mixes in the east coast of New Zealand.  The seedling and early 
development characteristics of many legumes species were analysed in two separate 
experiments.  In experiment one four annual legumes and two perennial control species 
were direct drilled into a dryland pasture at four different sowing dates in autumn. 
Seedling and leaf counts were done at emergence and the dry matter production was 
measured the following spring.  In experiment two 10 different clover species and two 
subterranean clover cultivars were grown in a pot trial.  The time to 50% emergence, leaf 
appearance over time, shoot weights and shoot: root ratios were measured.  ‘Bolta’ balansa 
was the fastest species to emerge, it required a thermal time of 102.6 oCd to reach 50% 
emergence.  ‘Endura’ Caucasian clover was a very slow developing species, it required 
179.1 oCd to reach 50% emergence and 145.4 oCd until first leaf appearance.  It had a 
phyllochron of 106.5 oCd and only produced an average of 8 leaves throughout the trial.  
Annual legume species had more rapid emergence, leaf appearance and greater shoot 
growth rates in early establishment than perennials.  Subterranean clover had the greatest 
shoot weights after emergence, ‘Napier’ subterranean clover had a shoot weight of 0.052 
g/plant and 0.132 g/plant 33 and 48 days after sowing respectively.  Talish clover, alsike 
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clover, white clover and strawberry all had the lowest shoot weights after emergence.  The 
perennial legume species had a greater root: shoot ratios than the annual legume species.  
In the field gland clover was the most successful at establishment they produced 63% more 
dry matter than any other species.  
Keywords: Legume, dryland, thermal time, establishment, pasture, competition, leaf area, 
Trifolium pratense, T. ambiguum, T. fragiferum, T. repens, T. hybridum, T. subterraneum, 
T. michelianum, T. glanduliferum, T. tumens, T. spumosum. 
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1 INTRODUCTION 
Many sheep and beef farming systems occur on the east coast of the North and South 
islands of New Zealand.  This area is dominated by hill country with traditionally low 
fertility soils which are deficient in phosphorus, sulphur and nitrogen.  This has resulted in 
poor pasture production and poor quality hill country pastures (White, 1990).  The climate 
on the east coast of New Zealand is characterized by inconsistent and low rainfall, hot 
summers, easterly and North westerly winds.  Therefore there are high evapotranspiration 
rates, regular soil moisture deficits, and frequent droughts (Salinger, 2003). This harsh 
environment causes inconsistent and poor pasture growth and persistence and poor animal 
production.  There are likely to be further challenges from the climate in the future.  As a 
result of climate change it is expected that the east coast of New Zealand will have a 
warmer dryer climate with increased frequency of droughts and more extreme weather 
events.  Many authors have shown that white clover does not persist in dryland climates 
(Kemp et al., 1999; Knowles et al., 2003; Brown et al., 2005).  A study suggested that 
after a drought in Marlborough 95% of the white clover was lost (Knowles et al., 2003).  
In summer dry environments on the east coast white clover persists for approximately 2-3 
years (White, 1990).  Another problem with ryegrass and white clover pastures is that in 
summer the soil moisture levels get so low that the pasture growth stops (Salinger, 2003).   
Legumes are important in dryland hill country systems for three main reasons; they persist 
in a pasture mix to provide high quality feed when soil moisture and fertility are low 
(Brown and Green, 2003).  They fix nitrogen from the atmosphere through their symbiotic 
relationship with rhizobia bacteria, this aids in improving the dry matter production and 
quality of the grasses.  In many dryland hill country systems N fixation has be the main 
source of nitrogen to the pasture and soils because nitrogen application is considered 
uneconomic. They provide a high quality feed source over summer, when the grass quality 
declines.  Alternative pasture species that are better adapted to the summer dry 
environment need to be used because white clover has poor persistence and summer 
production.  Species which are adapted to the climate need to be used. Another key factor 
involved in maximizing the legume content of pastures is effective establishment, followed 
by the appropriate grazing management.   
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It is important to select legume species which will be high producing and persist well in a 
pasture and in the dry climate.  Subterranean clover has been used widely in Australia, and 
has shown to have adaptive mechanisms to avoid drought, and to maximize dry matter 
production in pastures in the dry areas.  Many annual species such as balansa and gland 
clover and subterranean clover have drought avoidance mechanisms.  These species set 
seed in spring and remain as a dormant seed over summer, the reestablishment of these 
species occurs in autumn once the hard seed has been overcome. Other species such as red 
clover, lucerne are considered as drought tolerant species because they have deep taproots 
(Brown, et al., 2003).  Caucasian clover has a persistent and deep taproot which allows it 
to extract water from deep in the soil profile (Black et al., 2000).  There are many new 
legume cultivars becoming available in New Zealand, among these there may be potential 
for these to be high producing in New Zealand dryland conditions.  For successful 
production of these legume species in dryland pasture swards it is important to maximize 
the seedling survival at establishment.  Direct drilling is the best way to establish legume 
pastures in a dryland area because it conserves moisture which remains available for 
germination and seedling growth.  Legumes species which have rapid emergence, leaf 
appearance and rapid seedling growth after emergence will generally have greater survival 
in pasture mixes during establishment because it improves their ability to compete for 
essential resources.   
The objectives of these experiments are to understand and quantify the early development 
characteristics of different legumes at establishment. This will aid in understanding which 
species will establish best when direct drilled in a pasture sward, to produce pasture swards 
with high legume content.  It will also aid in understanding which legumes species are best 
suited to the dryland conditions.     
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2 REVIEW OF THE LITERATURE 
 
2.1 Introduction 
When growing legumes in a dryland pasture it is important to maximize the amount of 
legumes in the sward.  This is required because legumes fix nitrogen from the atmosphere 
which aids in pasture growth and because legumes are a high quality feed source (Knowles 
et al., 2003).  This leads to high animal live weight gains on pastures with high legume 
content.  To maximize the proportion of legumes in the pasture sward and to maximize dry 
matter production of the legumes successful establishment is crucial.  There are many key 
factors which alter how well a species performs during establishment.  Seed and seedling 
vigour have a major influence on legume survival when grown as a pasture, especially 
when grown with grasses such as perennial ryegrass which have rapid growth rates after 
emergence (Black et al., 2006).  The climate has a major influence on the germination and 
emergence rate at establishment.  The availability of essential resources such as light, 
nutrients and water all influence the ability of a species to survive and grow during 
establishment.  It is therefore important to understand the establishment requirements of 
legumes, this enables us to provide optimum conditions for legume survival and growth. 
In this review there will be an overview on some key characteristics of alternative legumes 
species which may have the potential to thrive in New Zealand dryland farming systems.  
Factors involved in successful establishment of these legumes species in pasture mixes 
will be discussed. 
2.2 Alternative species 
2.2.1 Red clover (Trifolium pratense L.) 
Red clover is a perennial legume which is short lived (survives 2-4 years).  It is a long 
stemmed plant which grows from a crown and depending on the cultivar it has a prostrate, 
erect or bushy growth habit.  This species requires medium – high soil fertility for growth 
and is adaptable to most soil types (Hampton et al., 1999).  It is a deep tap rooted plant 
allowing greater survival and dry matter production in droughts or summer dry periods 
than white clover (Trifolium repens).  Red clover is a summer active species with 
approximately 30% of total annual production in spring, 50% in summer and 20% in 
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autumn although this varies slightly.   Plants are largely dormant over winter, especially in 
colder areas.  It provides a high quality feed source over summer when other species have 
poor production due to low rainfall.  Red clover does not persist in hill country pastures 
due to frequent grazing which exposes the crown buds to damage.   
2.2.2 Caucasian clover (Trifolium ambiguum M. Bieb.) 
Caucasian clover is a rhizomatous perennial legume which develops an extensive and deep 
root system (Hampton et al., 1999).  This makes it well adapted to dry areas enabling it to 
extract water and nutrients from deep areas in the soil.  Caucasian clover seedlings are  
slow growing and are hard to establish in pasture because they are outcompeted by more 
vigorous grass and legume species (Black et al., 2006).  In the second year of growth the 
root system produces dense rhizomatous growth which makes the legume tolerant of 
grazing pressure and harsh climatic conditions.  This clover is well suited to the high 
country in New Zealand with poor cover where there is low competition at establishment 
and poor fertility and acid soils (Scott, 2003).  It has strong spring and summer growth but 
is dormant over winter.  The rhizomes protect the growing points from grazing treading 
and high soil surface temperatures.  
2.2.3 Strawberry clover (Trifolium fragiferum L.) 
This perennial legume has a prostrate growth habit with branched creeping stolons, it is 
similar to white clover and therefore it is tolerant of close, continuous grazing (Dodd and 
Orr, 1995).  However the crown and taproot persistence is favoured at the expense of 
stolon density. It has tolerance to high salt concentrations in the soil (Langer, 1990; 
Stewart and Charlton, 2006).  It is similar to white clover in appearance although it has a 
smaller root system (Langer, 1990).  Strawberry clover has greater drought tolerance than 
white clover and is tolerant of wet infertile soils. It is recommended to grow this legume in 
summer dry areas which have wet winters and in areas that are too saline for the survival 
of white clover (Stewart and Charlton, 2006).  
2.2.4 White clover (Trifolium repens) 
White clover is a perennial legume with a prostrate growth habit.  Stolons initially grow 
from the axils of rosette leaves, the stolons form roots at the nodes to produce plants which 
are independent of the original plant (Hampton et al., 1999).  The main growth period is 
during spring and summer however droughts greatly influence growth and there is 
relatively low growth in winter. White clover stops growing at approximately 8-9 oC and 
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reaches a maximum growth rate at 25 oC and has poor persistency when the annual rainfall 
is less than 600-700 mm of annual rainfall (Knowles et al., 2003). It is widely used in New 
Zealand pastures.  
2.2.5 Alsike clover (Trifolium hybridum L.) 
Alsike clover is a biennial legume species which is adapted to cool climates and produces 
well in wet soils and in cool conditions.  It tolerates both alkaline and acidic soils (Langer, 
1990).  In New Zealand alsike has been used to improve tussock hill country and high 
country through oversowing. 
2.2.6 Subterranean clover (Trifolium subterraneum L.) 
This is a deep tap rooted annual species which has hairy leaves.  It produces prostate 
reproductive stems (or runners).  Subterranean clover has been used widely in Australia 
and in New Zealand it is used as an alternative legume when it is too dry for white clover.  
It is well adapted to summer dry conditions and becoming widely used in the dryland east 
coast of New Zealand, another reason for its popularity is because it is tolerant of hard 
grazing and set stocking. Subterranean clover germinates in autumn and grows through 
winter, however most growth occurs during spring.  It flowers and goes to seed in late 
spring/ early summer and after setting seed it dies.  The seed pods form a pointed burr that 
pushes into the soil so the seed is buried and remains dormant until autumn rains 
(Hampton et al., 1999).  The seed has two main mechanisms to avoid early germination 
and seedling death, these include seed dormancy and hardseededness (Smetham and Wu 
Ying, 1991).  For the seeds to germinate the soil temperature needs to be below 20 oC and 
rainfall needs to occur because adequate moisture is required to break the hardseededness.  
Subterranean clover is adapted to areas with an annual rainfall less than 700 mm with low 
– medium soil fertility and acids soils (pH > 5.2).  Autumn is the best time to sow 
subterranean clover.  In spring subterranean clover has a high level of dry matter 
production. Through the appropriate grazing management subterranean clover in spring 
can contribute to up to 50% of the total dry matter production (Grigg et al., 2008).  
Similarly, Ates et al. (2010) reported that when subterranean clover was included in 
dryland cocksfoot and perennial ryegrass pastures the spring yield was increased by 23-
45%.  Subterranean clover is a high quality feed source for livestock, it maintains a 
digestibility of up to 60% and has a nitrogen content of  ≤3.5% between March and 
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October (Smetham, 2003).  This results in rapid live weight gains and improved 
performance of animals grazing subterranean clover pastures. 
2.2.7 Balansa clover (Trifolium michelianum Savi) 
An annual Mediterranean clover which is relatively new to New Zealand and is becoming 
more recognized and used by dryland farms in New Zealand.  It is semi–prostrate with 
hollow stems producing a high quality feed source for grazing animals.  This clover is 
usually sown in autumn but peak production occurs in October and November.  It flowers 
and sets seed in late spring and has a hard seed to avoid drought, therefore it requires 
sufficient moisture in autumn to germinate.  This species is tolerant of water logged soils 
(Stewart and Charlton, 2006). It is currently sown in pasture mixes in dry coastal regions 
of New Zealand (Monks and Moot, 2008). 
2.2.8 Gland clover (Trifolium glanduliferum Boiss) 
Gland clover is a self-regenerating annual legume native to countries with a Mediterranean 
climate.  This species is relatively new to New Zealand agriculture and the main cultivar 
grown is ‘prima’.  Gland has been successfully grown in areas with an annual rainfall of 
475 mm (Hackney et al., 2007).  It is well adapted to a wide range of soils, can grow with 
a pH of 4.8- 7.5.  Gland has a pattern of hardseededness which prevents false breaks from 
out of season rainfall; this aids in survival and avoiding summer dry conditions.  The hard 
seed % of gland clover is considered too hard for success in New Zealand pastoral 
conditions, this results in poor germination of gland during reestablishment the following 
season and it may take years for the breakdown of hard seed.  Therefore in New Zealand 
conditions there may be poor gland clover persistence.  Gland is a very early maturing 
plant with early flowering.  Most dry matter occurs between September and December.  
2.2.9 Talish clover (Trifolium tumens Steven ex M. Bieb.) 
Talish clover is a rhizomatous, long lived, perennial legume which has a prostrate growth 
habit and has a slightly woody base (Dodd and Orr, 1995).  Talish clover has a very high 
level of drought tolerance, and has the ability to recover after a long drought.  It has a thick 
deep taproot similar to that of lucerne and can grow in areas with an annual rainfall as low 
as 300 mm.  The growing point is below ground; therefore it is tolerant to close grazing.  
Talish clover is best suited to grow in a pasture with slow growing grasses.     
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2.2.10 Bladder clover (Trifolium spumosum L.) 
Bladder clover has been shown to be highly productive in mildly acid and clay soils.  Dry 
matter production in the first year ranges between 3.9 and 5.2 t/ha, this was further 
improved in the 3rd year of growth up to 6.7 t/ha (Loi et al., 2003).  This legume has a 
large regeneration capacity by avoiding false breaks.  This occurs because the hard seed 
mechanism reduces the chance of early germination; the hard seed breaks down at a much 
slower rate than that of subterranean clover.  However, New Zealand has a wetter climate 
than the Mediterranean climate where bladder clover originates from.  This may not 
provide advantages over subterranean clover in New Zealand in terms of seedling survival 
because a slower rate of hardseed breakdown is not required. 
2.3 Competition 
During establishment competition for light water and nutrients is a major factor affecting 
the survival of developing seedlings.  When legumes are grown as monocultures there is 
greater plant survival and better establishment of legumes compared with when they are 
grown in pasture mixes.  Generally in pasture mixes the grasses tend to outcompete the 
legumes for essential nutrients, light and water.  This can result in pasture mixes 
containing only a small proportion of clover (less than 10% of the sward).  Therefore when 
growing clover in a pasture mix it is important to sow them in a mix with compatible 
species.  Species that have rapid germination, emergence, leaf production and canopy 
expansion have an advantage to compete for light (Nori, H. pers. comm.), this is important 
for legumes because grasses are fast growing and tend to shade out the legumes in the 
pasture soon after emergence.   Light is required for photosynthesis of young seedlings to 
provide energy for growth and development.  In pasture mixes legumes tend to have a 
faster rate of germination and emergence than grasses.  This enables the young seedling to 
capture light and photosynthesize after emergence thus aiding in the survival of the 
legumes in the pasture mix.  However some grass species (such as perennial ryegrass) have 
rapid growth after emergence, this can cause shading on the legumes and can reduce 
survival.  Therefore legumes with rapid leaf expansion after emergence increase the 
amount of light that can be intercepted, this aids in the survival of legumes growing in a 
pasture mix.  
In dryland environments soil moisture is a major limiting factor to pasture establishment 
and production.  Species which develop deep or extensive root systems have an advantage 
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in obtaining water.  McWilliam et al. (1970) stated that the rapid elongation of the seedling 
root is considered to be a prerequisite for successful establishment in pastures and 
rangelands in dry areas.  Legume species have a large phosphorus requirement for 
establishment and growth.  Legumes have an advantage over grasses because they have the 
ability to fix nitrogen for growth.  This occurs through a symbiotic relationship with 
rhizobia bacteria, although the soil and seed conditions during establishment are important 
in creating viable nodules in the root.  Extension growth of the primary root of legumes is 
influenced by the availability of nutrients in early development (McWilliam et al., 1970).   
Table 2-1: Amount and proportion of essential elements in a subterranean clover seed and 
the length of time from germination until addition of these nutrients is required. 
Adapted from Krigel (1967). 
Element Percentage in Seeds (fresh wt.) 
Weight per Seed 
(µg) 
Time to requirement of 
additional nutrient (Days) 
Nitrogen 5.63 450 14 
Phosphorus 0.53 42 7-14 
Potassium 1.29 102 21 
Calcium 0.06 5 7 
Magnesium 0.24 18 14 
 
2.3.1 Germination 
Germination plays a major role in seedling establishment.  Rapid germination after sowing 
gives seedlings a competitive advantage because it generally results in early emergence 
and it reduces the competition for light, moisture and nutrients during early seedling 
growth.  This is important because young seedlings are highly affected by the surrounding 
conditions and competition can result in seedling death or suppression.  The temperature 
and moisture content of the soil are two key factors that determine the rate of germination. 
Other factors such as hard seed, embryo dormancy and slow imbibition can also influence 
the germination rate (Taylor, 2005). Hard seeds have impermeable seed coats which 
prevents the entry of water.  This mechanism is used by many annual legumes (such as 
subterranean clover and balansa clover) to prevent false breaks, and early germination.  
Hard seed can be overcome naturally by fluctuating temperatures or in the lab through 
mechanical or chemical scarification (Smetham and Ying, 1991).  Embryo dormancy can 
prevent the germination of imbibed seeds and slow imbibition rates are used to aid in 
preventing false breaks. These mechanisms are generally only a problem in natural 
regeneration of the legumes, for annual legumes this is a problem because it is hard to get 
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them to regenerate.  For example gland clover has a very hard seed, it produces large 
amounts of dry matter well in the first year after establishment however there is very low 
levels of germination the following year due to poor hard seed breakdown.  This results in 
low levels of reestablishment and poor persistence of the gland.  Therefore it is important 
to select species which have a more rapid breakdown of hardseed such as subterranean 
clover.  The use of certified seed and scarified seed is the best way to overcome these seed 
mechanisms at establishment, this will be important to maximize the number of 
germinated seedlings and to increase the rate of germination. 
Temperature and water are the main determinants of germination because the germination 
process starts by the seed imbibing water; this tends to break down the seed coat and 
activates various enzymes.  The temperature alters the rate of activity of these enzymes, 
thus altering the speed of the process.  A lack of water or sub optimum temperatures can 
greatly reduce the number of seedlings that germinate, therefore the time of sowing is 
crucial to ensure optimal germination and establishment.  Hampton et al. (1987) showed 
that the germination of subterranean clover was inhibited at soil moisture levels below 10-
15%.  Awan et al. (1996) found that the species which were slowest to germinate were 
more sensitive to moisture stress.  Temperature influences the time to germination, as the 
temperature moves away from the species optimum the germination rate declines 
(Hampton et al., 1987).  This is shown if Figure 2-1 whereby the number of days to 75% 
germination increased as the temperature decreased from 20 to 5oC.  Moot et al. (2000) 
reanalysed this data to calculate the base temperature and thermal time requirement of 
these pasture species (Table 2-2). 
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Figure 2-1:Estimates of the germination rates expressed as time to 75% germination of red 
clover, white clover and subterranean clover at different temperatures.  Data 
from Hampton et al. (1987). 
 
 
Table 2-2: Estimates of base temperature (Tb), thermal time (Tt) and optimum temperature 
for 75% germination of different legume species.  From (Moot et al., 2000), 
with data from Nori, (unpublished) 
 
 
Legumes tend to germinate more quickly than grasses, which results in faster emergence.  
Faster germination of legumes occurs because they imbibe water more rapidly than grasses 
and reach higher initial moisture content before germination. McWilliam et al. (1970) 
suggested that legumes have a greater embryo size and as a result they have significantly 
Species Cultivar Tb (
oC) Tt (oCd) Topt (
oC) Source
White Clover Huia 0.9 42 Moot et al. , 2000
Tahora 1.0 39 Moot et al. , 2000
Red Clover Hamua 0.0 77 Moot et al. , 2000
Pawera 0.3 69 Moot et al. , 2000
subterranena clover Mt Barker 0.0 45 Moot et al. , 2000
Tallabrook 0.0 48 Moot et al. , 2000
Balansa clover bolta 2.6 32 19.7 H. Nori (unpublished)
Gland clover Prima -0.1 28 16.2 H. Nori (unpublished)
Persian Mihi 4.5 25 32.6 H. Nori (unpublished)
S ter anea  clover
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greater water absorbing capacity.  However immediately after emergence seedling growth 
can be slow which reduces their competitive ability. 
  
2.3.2 Emergence and Seedling Development 
2.3.2.1 Emergence 
Many studies investigating the effect of seed size on seedling vigour at establishment have 
come to the conclusion that larger seeds have greater emergence and survival than small 
seeds.  This occurs because they contain more seed reserves to aid them in growth and 
development and to minimise the stress.  The survival of a seedling is also affected by the 
time it takes to emerge.  This is because after germination is initiated the seedling relies on 
the endosperm reserves for growth, development and emergence.  The bulk of these 
reserves which include carbohydrate, protein and mineral elements are utilised within 10 
days after imbibition (McWilliam et al., 1970).  The rate of loss of these reserves is 
dependent on the amount of nutrient available in the soil.  Some of the nutrients in the 
subterranean clover seedling are shown in Table 2-1.  This shows that calcium and 
phosphorus run out most rapidly, and the seed reserves of these nutrients can be depleted 
within 7 days.  This is the reason that it is suggested to apply phosphorus fertilizer at 
establishment.  Fast emergence aids in the survival of plants because there are more 
seedling reserves remaining available for seedling growth.  As well as this, rapid 
emergence is important to reduce competition with other plants in the mix and to 
encourage growth of the species so it is established and able to tolerate cold winter 
conditions.  Leishman and Westoby (1994) showed that seedlings with large seeds had 
higher emergence and survival than those with small seeds in both dry and moist soil 
conditions.  Seedlings from large seeds were larger and more robust than small seeds for a 
short period after germination.  Large seeds provide an advantage to seedling 
establishment in low soil moisture conditions.  This is because soon after emergence large 
seeds produce seedlings with larger and deeper roots giving them greater access to soil 
water and allowing lower post emergence mortality.  Large seeds may also have tolerance 
mechanisms such as small cell with thick cell walls and high osmotic concentration of the 
cell contents. These may reduce water stress throughout the emergence and early seedling 
growth. 
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Table 2-3 shows that balansa and Persian clover were the fastest species to emerge 
requiring a thermal time of 92 and 93 oCd, respectively.  White clover was the slowest to 
emerge because it required a thermal time of 152 oCd to emerge.  Therefore at a soil 
temperature of 15oC it would take balansa clover 6.1 days to emerge while it would take 
white clover 10.1 days to emerge.  
 
Table 2-3: Estimates of the base temperature (Tb) and thermal time (Tt) to 50% 
emergence.  Data from Moot et al. (2000) measured in the field, and Nori 
(unpublished). 
 
 
2.3.3 Plant growth and leaf appearance 
Early leaf appearance is important for survival in a pasture mix.  Those plants that are slow 
to emerge and produce leaves are often suppressed through competition and forced to 
develop under competitive and low light conditions.  Black (1958) stated that large seeded 
plants had greater early leaf development than small seeded plants.  This lead to the 
suppression of smaller seeded plants and thus increases the mortality of small seeded 
plants.  Photosynthesis in legumes begins to occur as soon as the cotyledons emerge and 
start to unfold (McWilliam et al., 1970).  Once the cotyledons have emerged there is a 
rapid increase in the amount of photosynthesis which occurs (Figure 2-2), this is primarily 
due to the rapid increase in light interception.  Rapid increases in leaf area resulted in 
higher light interception and rapid seedling growth.  Monks and Moot (2008) estimated the 
thermal time required for spade leaf appearance of balansa clover, this was 171 oCd using 
a base temperature of 0 oC.  Nori, (unpublished) on the other hand estimated that ‘Bolta’ 
balansa required a thermal time of 197 oCd for the spade leaf to appear, although she used 
a base temperature of 1 oC.  Nori also estimated that gland clover required a thermal time 
of 206 oCd for the spade leaf to appear.  
Species Cultivar Tb (
oC) Tt (oCd) Source
White Clover Huia 0 152 Moot et al. , 2000
Red Clover Pawera 2.2 102 Moot et al. , 2000
subterranena clover Mt Barker 0.8 112 Moot et al. , 2000
Balansa clover bolta -4.6 92 H. Nori (unpublished)
Gland clover Prima -0.2 96 H. Nori (unpublished)
Persian Mihi -1.8 93 H. Nori (unpublished)
S t rr an l r
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Figure removed for copyright compliance 
 
 
 
Figure 2-2: The pattern of CO2 exchange in seedling of subterranean clover in the dark 
and the light during the first 7 days of growth after commencing imbibition.  
The solid curve represents net photosynthesis and the intersection of it at the 
horizontal axis at zero CO2 represents the compensation point between 
respiratory loss and CO2 assimilation.  Adapted from McWilliam et al. (1970). 
 
In the early vegetative period the dry weight of a plant is directly dependent on seed 
weight, this aids in early establishment and is summarized in (Table 2-4).   
 
Table 2-4:  Seed fresh weight and shoot dry weight per plant of herbage species 43 and 57 
days after sowing (DAS), adapted from Moot et al. 2000. 
      Shoot dry weight (mg) 
Species Cultivar Seed weight (mg) 43 DAS 57 DAS 
White Clover Huia 0.67 3.6 15 
Red Clover Pawera 3.59 15.6 48.5 
Subterranean clover Mt Barker 8.57 66.3 379 
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2.3.4 Establishment requirements 
2.3.5 Soil status 
Soil pH is important in the establishment and growth of any species.  The reason for this is 
that pH affects the availability of nutrients and the toxicity of some elements.  Evers 
(2003) reported that the optimum pH for growth and establishment of subterranean clover 
is 6.0 – 7.0.  While White and Hodgson (1999) suggest it is suited to a pH > 5.2.  In acidic 
soils aluminium (Al) and Manganese (Mn) toxicity can occur.  At a pH below 5.2 there are 
high concentrations of Al and Mn in the soil, the essential nutrients for plant growth are 
replaced by Al and Mn ions on the soil particle (Evers, 2003).  Large amounts of Al and 
Mn are then taken up by plants causing toxicity, reduced growth and in some cases death 
of the plant.  Evers (2003) did a study on several annual clovers and found that 
Subterranean clover was the most tolerant to Al toxicity compared with other clovers.  
This may have been due to its large seed containing more seed reserves than other clovers 
meaning it may have less reliance on soil nutrients.  The same study reported that the soil 
pH had an effect on shoot weight, root weight and nodules per seedling of clover species.  
These were all depressed at a pH of 5.1; this was probably due to Al toxicity.  The 
deficiency of molybdenum (Mo) and iron (Fe) occurs at a low pH (McLaren and Cameron, 
2008).  Mo is important in the establishment of legumes and it is often applied as a coating 
on the seed.  
Legumes are generally more sensitive to pH than grasses.  This occurs because legumes 
form symbiotic relationships with Rhizobium bacteria, which aids in plant growth and 
survival through nitrogen fixation. The soil pH affects the survival of these bacteria and 
the ability of the bacteria to modulate and fix nitrogen (Evers, 2003).  In acidic soil 
conditions poor growth of annual legumes is often the result of inhibition of nodulation 
rather than direct effects on the host plant.  For maximum survival of seedlings and 
maximum growth it is essential for nodulation to occur as early as possible.  When early 
nodulation occurs there are more Rhizobium bacteria present, therefore more nodules are 
produced.  While later nodulation results in lower survival of Rhizobium and less nodules 
per plant.  Rhizobium trifolii is a common strain of bacteria which works in symbiosis with 
subterranean clover.  These bacteria are sensitive to pH and nodulation will not occur in 
acidic soils with a pH < 4.0.  Evers (2003) reported that R. trifolii numbers reduced when 
the soil pH dropped below 4.9.  There is variability between strains of bacteria and their 
adaptability to acid soils.  Richardson et al. (1988) found that the nodulation did occur in 
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acid soils with a pH of 4.0 and Harris (1961) found that as the pH increased 4.0 to 6.0 
there was an increase in the survival of R. trifolii. A trial done by Harris (1961) stated that 
a decrease in pH indicated a decrease in nitrogen fixation.  This will have occurred 
because in a declining pH the survival of Rhizobium declined resulting in a lower number 
of nodules formed. This highlights the importance of establishing legumes in a soil pH 
which is optimal for the survival of Rhizobium bacteria and nutrient uptake. 
 
Table 2-5: Survival of R. trifolii and nodulation of subterranean clover at a low pH 
(Whelan and Alexander, 1986). 
Solution Rhizobia (x 10 ) per ml Nodule no. per  
pH Day 0 Day 3 Day 6 plant 
5.2 ND* 35 1200 6.5 a ** 
4.8 7.3 370 110 4.9 a 
5.4 6.3 29 26 0 
4.2 7.3 0.6 0 0 
5.2*** 0 0 0 0 
*Not determined 
**Means followed by different letters are significantly different 
***Uninoculated 
 
 
 
2.3.6 Soil fertility 
Nitrogen, potassium, phosphorus, calcium, molybdenum and magnesium are all essential 
nutrients for legume establishment and growth.  The seeds of legumes contain seed 
reserves with many of these nutrients for early growth, however as shown in Figure 2-1 
these seed reserves can run out within 7 days of germination.  During clover establishment 
phosphorus and molybdenum are the most limiting nutrients.  Phosphorus and Mo and 
calcium are both required for nodulation at establishment.  Superphosphate provides P and 
S which are readily available at establishment.   
2.3.6.1 Nitrogen 
The application of nitrogen to legumes during establishment has a negative effect on the 
seedling establishment and growth because it inhibits nodulation and N fixation.  In a 
pasture mix when N is applied the N has a contrasting effect between ryegrass and white 
clover, high nitrogen levels promote grass growth but reduce clover growth.  Low nitrogen 
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levels enhance clover growth and improve the competitiveness of the clover in a pasture.  
Collins et al. (1996) found a 20% reduction in white clover seedlings 1 month after sowing 
in a high N environment compared to low N soils.  The rate of seedling establishment was 
inhibited when N levels were high.  Furthermore there were more trifoliate leaves in the 
low N treatment (326 for the low N treatment and 252 in the high N treatment).  Palmer 
(1987) showed similar results whereby the clover seedling rate decreased from 854 
seedlings/m2 to 584 seedlings/m2 as the N application rate increased from 1.56-12.5 g 
N/m2 (P< 0.001). 
2.3.7 Seed requirements 
The use of high quality seeds is very important in the establishment of clover species. High 
quality seeds lines have less weed seed which can compete with the clover seed during 
establishment, the competition between seedlings is intense and can often result in low 
seedling survival.  
To ensure that the conditions are right for seedling growth and establishment, many annual 
clover species have two main mechanisms.  The first mechanism is hard seed or seed coat 
impermeabilty (Ying, 1987).  This is an impermeable layer in the seed coat which prevents 
the uptake of water by the seed and results in failure to germinate.  The second mechanism 
is embryo dormancy which is related to immaturity of the seed.  In the past, hard seed has 
posed the biggest problem in the establishment of annual clovers. Subterranean clover seed 
has a reasonably rapid break down of hard seed in comparison with gland clover.  Hard 
seed is overcome naturally due to fluctuating temperatures, microbes or by the ingestion of 
animals which gradually breaks down the impermeable layer in the seed coat.  Artificial 
treatments include scarification by abrasives of use of chemicals such as alcohols or acids 
(White, 1990).  If unscarified seed is sown it would need to be oversown in autumn where 
fluctuating temperatures in autumn and early spring, as well as microbial action will 
induce most of the hard seed to germinate (Hampton et al., 1987).  This creates an increase 
in the percentage of seeds which germinate. 
In North Canterbury soils there are very few rhizobia naturally present, this is due to acid 
soils and in hill country due to a lack of resident legumes.  Therefore inoculation of 
legume seed is essential for legume establishment and growth.  Inoculation of seed is 
important because it supplies an appropriate strain of Rhizobia bacteria to the soil.  For 
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many annual and perennial clover species used in New Zealand Rhizobium trifolii is the 
best strain of bacteria to inoculate the seed with.  Seed inoculation is important for early 
nodulation, nitrogen fixation and seedling survival and inoculated seed produces 
significantly more nodules per plant in subterranean clover, no matter what fertiliser is 
applied (Harris, 1961).  Inoculating subterranean clover seed increases the population of 
Rhizobium trifolium in the soil, increases the chances of early nodulation, increases the 
number of nodules per plant and increases seedling survival.  Early development of 
nodules is important because Hely et al. (1980) found that nodules must be well developed 
and fixing nitrogen by late autumn if the plants are to survive the winter.  Nodules formed 
later rarely mature to the nitrogen fixing stage during winter.  Harris (1961) found that if 
inoculation was done at establishment there was increased yield for the first years growth.  
This would have been due to better nodulation, forming more nodules per plant and more 
nitrogen fixation throughout the year.  Roughly and Walker, (1973) reported that slurry or 
peat inoculation is more successful than dry inoculation, this may have been due to dry 
conditions reducing the survival of rhizobia bacteria.   
Pelleting and coating of inoculated seed is widely used to improve nodulation and 
establishment.  The main advantage of this is improved survival of rhizobia on the seed.  It 
is also thought that coating improves water relations around the seed.  Pellets can be ideal 
carriers for fungicides herbicides and additional nutrients.  In acidic soil lime pellets can be 
used to increase clover establishment (Brockwell, 1962), while Roughly and Walker 
(1973) showed that lime pelleting was superior to slurry inoculation and 50:50 lime Mo – 
superphosphate was better than lime pelleting.  The addition of lime increases the soil pH 
to create more suitable soil conditions for survival of the rhizobia bacteria as well as 
optimising nutrient availability.  The calcium is required for nodulation; therefore it 
increases the nodulation of a plant.  In some cases Molybdenum is added to the seed 
coating to aid in the establishment of nodules.  Fungal dressing of seeds gave some 
protection against bacterial blight and root pathogens without seriously affecting the 
survival of rhizobia.  The use of antifungal and insecticide seed dusts may be toxic to 
rhizobia.  In dry areas where fungal attack is common fungicides may be required because 
fungal attack is a major factor affecting seedling establishment.  In wet areas fungicide 
dressing may not be necessary because it does not provide complete protection, possibly 
due to the high moisture levels causing the fungicide to disperse and adversely affect the 
rhizobia.  
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2.4 Methods of Sowing 
In cultivatable dryland areas direct drilling into an uncultivated seed bed is regularly used 
to conserve moisture and maintain soil structure.  However on hill country pastures the 
seed is oversown onto the soil via aerial topdressing because the slope is too steep for 
cultivation and direct drilling.  It is widely known that conventional seed bed preparation is 
very effective for establishing pasture crops.  It creates a fine, firm, moist seed bed which 
is weed free and well drained.  In these conditions there is a low level of competition 
which maximises seeding survival.  In dry conditions conventional cultivation exposes the 
soil to evaporation which causes the soil to dry out rapidly and can result in very low soil 
moisture content and less germination (McLaren and Cameron, 2008).  Direct drilling into 
an uncultivated seed bed has been used to conserve water and maintain soil structure; this 
is not as effective as using conventional cultivation prior to sowing.  In many cases 
broadcast sowing has been the least effective way of sowing due to low seed survival, and 
unfavourable conditions for germination.  Legume establishment on lowland cultivated 
pastures which have been cultivated is high, while in unploughed hill country legume 
establishment is variable and often poor (Hampton et al., 1987).  Time of sowing, aspect, 
ground cover, pests, moisture and temperature are all possible effects limiting legume 
establishment on hill country.  Hely et al. (1980) found that when the soil was compacted 
by a furrow wheel there is significantly better establishment than when mesh harrows are 
used.  Therefore, if possible, it is better to use conventional cultivation prior to sowing 
followed by rolling of the seed bead to compact the soil. 
2.5 Conclusions 
The early development of seeds and seedlings defines their success in establishment, and it 
may alter the competition amongst the pasture sward.  Legume species which have rapid 
germination, emergence, leaf production and canopy expansion may establish better in a 
pasture sward because they are more competitive for vital resources.  However in dryland 
conditions species which are able to extend their root systems early after germination may 
also have an advantage because they have greater access to water and nutrients.   
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3 MATERIALS AND METHODS 
 
3.1 Experiment 1 
3.1.1 Location 
This experiment was in paddock C8 at Ashley Dene, the Lincoln University dryland research farm 
located near Springston, Canterbury.  The soil type was a Lismore stony silt loam.  Soil test results 
from the 9th February 2012 are shown in Table 3-1.  The paddock previously contained cocksfoot 
and subterranean clover and had been grazed by ewes.  150m2 in the southwest corner of the 
paddock was sprayed out using Glyphosate and fenced off in mid-February, 2012.  Glyphosate was 
applied at a rate of 360 L/ha using a Wetter spreader (accelerates at 100 mL glyphosate/100 mL of 
water).  In early March the area was sprayed again using glyphosate to kill any remaining 
vegetation and plants that had germinated since the last spraying.  Within a week of sowing the 
plot area was mown to a height of 10 mm and the mown grass was removed similar to a cut and 
carry system. 
 
Table 3-1: Soil test results from the trial area at Ashley Dene taken on the 9th of February 
2012 and analysed by Hill Laboratories.   
 
 
3.1.2 Block Design 
A split block design was used.  The design contained six legume species of subterranean clover, 
white clover; lucerne, gland clover, Persian clover and balansa clover. There were four different 
sowing dates which were approximately two weeks apart (shown in Table 3-2). There were four 
replicates (6*4*4= 96 plots). The plot size was 2.1 m by 10 m. 
 
Analysis Level found Units
pH 5.7
Olsen P 39 mg/L
Potassium 0.68 me/100g
Calcium 9.9 me/100g
Magnesium 1.05 me/100g
Sodium 0.19 me/100g
Sulphate sulpher 28 mg/kg
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Table 3-2: Sowing dates 
Sowing Date sown 
1 15th March 
2 3rd April 
3 24th April 
4 13th May 
 
3.1.3 Seed Preparation 
All seeds were sown at a rate of 20 kg/ha, although gland was sown at a rate of 40 kg/ha because it 
had a 32% germination rate.  The seed was direct drilled using a 2.1 m wide cone seeder at a depth 
of 10 mm and with a 100 mm width between drill rows.  After sowing the drilled area was rolled 
using a flexi roller.  The sowing rate and cultivar of each species sown is summarized in Table 
3-2.  Within 24 hours of each sowing each species was weighed out, and the four annual clover 
species (gland, subterranean, Persian and balansa) were inoculated with group C inoculant 
(Roasabrook sub clover had been commercially coated but was inoculated with group C inoculant 
as well).  White clover and lucerne were used as control species, these were not inoculated or 
coated.  
3.1.4 Measurements 
The number of seedlings in a 1m drill row was counted for each species to measure the emergence 
of each cultivar.  This was done at the spade leaf stage for each legume.  The leaf appearance was 
measured by marking five plants per plot with coloured wire.  Every 2-3 days the number of leaves 
on each marked plant was counted as fully expanded leaves.  The leaves were counted when you 
could see the base of the leaf that had appeared.  On October 2nd dry matter cuts in each plot were 
taken, a 0.2  m2 quadrat was used, everything inside the quadrat was cut using shears and placed in 
a paper bag.  Botanical compositions were taken on each sample.  The sown legumes, grass and 
resident subterranean clover were separated.  These samples were placed in an air forced oven at a 
temperature of 60 oC for 48 hours, and then weighed to measure the dry weight of the clover in the 
sward and the total dry matter production.     
Soil moisture readings were taken on April 16th to measure the volumetric water content.  Two 0.2 
m long probes were inserted into the ground at a 30o angle and the moisture reading was taken. 
3.1.5 Statistical analysis 
Field emergence, dry weights and proportion of clover in the sward were all analysed 
using Genstat.  One way ANOVA’s were used to compare the differences between species.  
Figures were produced using Sigmaplot. 
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3.1.6 Weather data 
The average soil temperatures were measured daily throughout the trial period using a 
Hobo external data logger which was placed in the trial area.  The soil temperature was 
measured at a depth of 0.1 m.  The average daily soil temperatures are summarized in 
Figure 3-1 (below). 
 
 
Figure 3-1:  Average daily soil 0.1 m deep soil temperatures (oC) in the trial area at 
Ashley Dene throughout the trial period. 
 
On the 16th of April the soil moisture content in the trial area are was measured, the 
average volumetric soil water content was 22.2% with a range of 18 to 24% at a depth of 
0.2 m. 
3.2 Experiment 2 
3.2.1 Location 
This experiment was done in two glass houses at the Lincoln University nursery.  The Allumninex 
Glass house was heated to a target temperature of 20 oC and the Propagation glass house was at 
ambient air temperatures.  Both glass houses were under natural lighting conditions. 
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3.2.2 Glass house temperatures 
The air temperatures were measured at a height of approximately 2 m in both the 
Propagation and the Alluminex glass houses.  The temperatures were measured every 2 
hours, these temperatures were averaged out to give the average daily air temperature 
(Figure 3-2).  On the July 15th there was a snowfall to ground level, this caused a rapid 
decline in the air temperatures of both glass houses. 
 
 
Figure 3-2: Average daily glass house air temperatures (oC) in the Propagation (ambient) 
glass house and the Alluminex glass house. 
3.2.3 Preparation 
 
On 31st May 168 pots with a volume of 5L were filled with standard potting mix leaving 10 mm at 
the top of the pot.  On the 1st June, the full pots were watered and 50 or 100 seeds were spread out 
on the potting mix in each pot (some pots contained 100 seeds because they had poor germination 
tests), the number of seeds sown/pot is summarized in Table 3-3.  Seedling potting mix was 
sprinkled on top of the seeds to a depth of 10 mm (or to the top of the pots).  The pots were gently 
watered and four pots from each cultivar were placed in the Alluminex glass house while the 
remaining four were placed in the propagation glass house. 
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3.2.4 Block Design 
Eleven clover cultivars were assigned to 5L pots and organized in a randomized block design 
containing four replicates.  The clover species used and cultivar for each species are summarized in 
Table 3-3. 
 
Table 3-3: The botanical name, cultivar and number of seeds sown per pot for each 
different cultivar. 
 
3.2.5 Measurements 
Three germinations tests for each cultivar were used to measure the germination of each species. A 
piece of filter paper was put in each petri dish, and then each petri dish was filled with 50 seeds.  
Some water was added to the petri dish so the paper was wet before they were  put in a 20 oC 
incubator for 12 days.  The petri dishes were checked daily and water was added to maintain a 
moist environment for the seeds.  Thousands seed weights were measured by counting three 
replicates of 100 seeds for each cultivar, weighing the seeds and multiplying it by 10.  The number 
of plants emerged per pot was counted daily and recorded.  Emergence was defined when both 
cotyledons were fully expanded.  Five seedlings that were representative of the population within 
the pot were marked using coloured cable wire.  The number of emerged leaves per plant, fully 
expanded leaves per plant and secondary shoots were counted daily.  Emerged leaves were counted 
when the leaf tip was visible.  Fully expanded leaves were counted when the leaf was flat and there 
was no folding of the leaf.  Secondary shoots were counted where the tip of the first secondary leaf 
was visible. Every 7-10 days after emergence the shoot dry weight was measured.  This was done 
by cutting a representative seedling from each pot.  Each seedling was cut at ground level and 
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placed in a paper bag.  The seedling was put in a forced air oven at 60 oC for 2 days, and then 
weighed. 
3.2.6 Statistical analysis 
The thermal time was calculated using Equation 3-1. The average daily air temperatures 
from each glass house were used to calculate the thermal time.  The base temperature (Tb) 
was assumed to be zero because the air temperature in both glass houses never went below 
zero. The daily thermal time was summed together to calculate the accumulated thermal 
time. 
Equation 3-1:  Tt = x̅ daily temperature - Tb  
 
Emergence, phyllochron and the harvest data were analysed by ANOVA in Genstat.  Fitted 
linear regressions were done in Genstat to analyse the main stem leaf appearance over time 
and the number of expanded leaves over time.  Quadratic regressions were used to analyse 
the total leaf appearance over time.  The equations for these regressions are shown in the 
Appendices. The slope of the regressions were then analysed using an ANOVA, to 
compare the difference in slope between species. Sigmaplot was used to graph these 
regressions.  
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4 RESULTS 
4.1 Experiment 1 
4.1.1 Field emergence 
In sowing date one and sowing date two 40.3% and 46.0% more gland seedlings emerged 
than any other species respectively.  Subterranean clover had the lowest number of 
seedlings emerged at both sowing dates.  The proportion of sown seeds that emerged was 
greatest in the subterranean clover plots which had 87%. This was much greater than the 
emergence of gland where only 15% of the sown seeds emerged.  Field emergence was not 
recorded for the two later sowing dates because of a lack of plant survival.  
 
Table 4-1: Number of seedlings emerged and the proportion of sown seeds that 
germinated (proportion germinated) when sown in the field at Ashley Dene on 
March 15 (SD1) and April 3 (SD2).  Numbers with different letters beside them 
are significantly different from each other. 
 
 
4.1.2 Leaf appearance 
Leaf counts of each species were done 52 and 55 days after sowing for the sowing date one 
treatment (sown 15th March).  There was no significant difference for the number of leaves 
per plant between species.  By 52 days after sowing gland clover, balansa clover, 
subterranean clover and Persian clover had a mean of 3.4, 2.7, 3.1 and 2.9 leaves/plant 
Species
No. seedlings 
emerged
Proportion 
germinated (%)
No. seedlings 
emerged
Proportion 
germinated (%)
Gland clover 155.5 a 15 178.8 a 17
White clover 92.8 b 16 96.1 bc 16
Persian clover 88.4 b 118.0 b
Lucerne 71.8 b 34 55.2 de 26
Balansa 66.88 b 16 80.5 cd 19
Subterranean clover 25.3 c 87 37.0 e 0.94
Grand mean 83.4 94.3
SEM 12.86 8.71
Significance <0.001 <0.001
15th March 3rd April
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respectively.  At 55 days after sowing three there was on average 0.54 more leaves than 52 
days after sowing.  At 55 days after sowing balansa and subterranean clover had a mean 
leaf number of 3.3/plant, gland had 3.8 leaves/plant and Persian had 3.7 leaves/plant.   No 
further analysis on leaf appearance was done because many marked plants died as a result 
of grass grub. 
4.1.3 Dry matter production 
Dry matter from each plot was harvested on October 2nd.  There were no significant 
differences in dry matter production between species when they were sown on the 15th of 
March, 3rd of April or the 24th April.  This was most likely because all plots were 
dominated by grass and the sown species barely contributed to the total dry matter 
production.  In the sowing date 4 treatment (sown on 13th May) the glyphosphate which 
was applied 1 week prior to sowing killed almost all of the resident grass and clover 
species.  This is shown in Plate 4-1, sowing date 4 is bare compared with sowing date 1 
and two. 
 
 
Plate 4-1:   The experiment area at Ashley Dene on the 15th of September 2012.   
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As a result the gland clover plots produced significantly (P= 0.002) more dry matter than 
any other species (Figure 2-1).  Gland clover plots produced an average of 1027 kg DM/ha 
this was compared with all other species which produced no more than 365 kg DM/ha on 
average. 
 
Figure 4-1: The proportion of  gland and subterranean clover in pasture swards sown on 
the 3rd of April (sowing date 2) and the 24th April (sowing date 3) and harvested 
the following spring (P<0.01). 
 
 
There were very low proportions of clover in the swards sown in March and April.  Gland 
had the highest proportion of clover in the sward in all three sowing date treatments.  
White clover, Persian clover, lucerne, balansa clover and subterranean clover had such 
small proportions of clover that they were difficult to find in the plots.  Therefore dry 
matter cuts were only taken of gland and subterranean clover, with subterranean clover 
used as a control.  The sown legume and resident clover was summed together to give the 
percentage of clover in the plot.  In sowing date 1 gland clover contributed to 7.23% of the 
sward, while subterranean clover only contributed to 0.37% of the sward (P = 0.075).  
Figure 4-1 shows that the gland clover plots had 93.9% (P = 0.007) and 80.0% (P = 0.01) 
more clover in the sward than subterranean clover in sowing date two and three 
respectively.  In the Sowing date 4 treatments the percentage of subterranean clover in the 
sward was 56.9%, this was significantly greater (P = .015) than all other species although 
resident subterranean clover may have contributed to this because it was hard to 
distinguish between sown and resident subterranean clover. 
Species
Gland Subterranean
P
ro
po
rti
on
 o
f c
lo
ve
r i
n 
th
e 
sw
ar
d 
(%
 c
lo
ve
r)
0
1
2
3
4
5
6
7
Sowing date 2
Sowing date 3
28 
 
a) Dry matter production 
 
b) Percent clover 
 
Figure 4-2: Dry matter production (P= 0.002) and the proportion of clover in the sward 
(P= 0.015) of gland clover, white clover, lucerne, balansa clover, subterranean 
clover and Persian clover sown on the 13th May and harvested the following 
spring.     
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4.2 Experiment 2 
4.2.1 Thousand seed weights 
Subterranean clover has the greatest seed weight, with an uncoated thousand seed weight 
of 8.59g.  Balansa clover, alsike clover, gland clover and white clover all have very small 
seeds with a thousand seed weight of less than 1g (Table 4-2). 
 
Table 4-2: Thousand seed weight (g), percentage of seeds which germinated in the 
incubator (%), and the percentage of sown seeds which emerged (%) in the pot 
experiment for 10 different clover species.  Numbers with different letters 
beside them are significantly different from each other. 
 
 
There was variation in germination rates which ranged from 9% germinated in ‘Endura’ 
(Caucasian clover) to 96% in ‘Napier’ (subterranean clover).  To account for this the 
species with low germination % (bladder clover, Caucasian clover, strawberry clover, 
alsike clover and talish clover) were sown at a rate of 100 seeds/plot, all other species were 
sown at a rate of 50 seeds/pot.   In all species the germination % was closely related to the 
Variety
Thousand seed 
weight (g)
Germination 
(%)
Emergence 
(%)
Rosabrook (coated) 14.507 86 88.0a
Rosabrook (uncoated) 8.59 - -
Napier 8.54 96 86.0a
Tuscan 4.37 87 89.0a
Bartolo 2.65 81 62.0b
Endura 2.6 9 9.3f
La Lucilla 1.05 76 58.3bc
Permatas 1.01 63 50.5cd
Bolta 0.99 95 46.0de
MAI 302 0.87 58 41.3e
Prima 0.817 77 65.5b
Nomad 0.72 89 85.0a
Grand mean 0.6189
SEM 0.02891
Significance <0.001
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emergence. The poor germination percentage of ‘Endura’ resulted in poor emergence in 
the pot trial, only 9.3% of the seeds sown emerged.  ‘Rosabrook’, ‘Napier’, ‘Tuscan’ and 
‘Nomad’ had a greater proportion of emergence from sown seeds all with greater than 85% 
emergence (Table 4-2). 
 
4.2.2 Emergence 
In the glass houses the accumulated thermal time to 50% emergence was lowest for ‘Bolta’ 
balansa and ‘Prima’ gland which took 128.6 oC days and 141.4 oC days, respectively in the 
Alluminex glass house compared with 103 oC days and 111 oC days in the propagation 
glass house.  ‘Endura’ Caucasian clover required the most thermal time to 50% emergence 
with 210.3 oC days and 179.1 oC days in the Alluminex and propagation glass house 
respectively.  The thermal time requirements in the Alluminex glass house were 19% 
higher (P < 0.010) than those in the propagation glass house.  This suggests a systematic 
error and it may have occurred because in this experiment the air temperatures were used 
to calculate thermal time.  The soil temperatures would have been a more accurate way of 
predicting the thermal time to emergence because germination is dependent on soil 
temperature and moisture. 
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Table 4-3: Accumulated thermal time and the number of days from sowing to 50% 
emergence for clover cultivars grown in the propagation (ambient conditions) 
and Alluminex (∼ 20 oC) glass house at Lincoln University in 2012. 
 
 
4.2.3 Leaf appearance  
The thermal time to first leaf appearance and phyllochron varied between the Alluminex 
and the propagation glass house.  The Alluminex glass house required 4.5% more thermal 
time (oCd) to first leaf appearance than the Propagation glass house.  There was an 8.2% 
difference in thermal time (oCd) between the two glass houses for phyllochron.  In both 
glass houses ‘Endura’ Caucasian clover required the most thermal time for first leaf 
appearance.  ‘Endura’ required 250 oCd and 264 oCd in the Alluminex and Propagation 
glass house respectively for the first leaf to appear.  ‘Rosabrook’ subterranean clover, 
‘Napier’ subterranean clover, ‘Prima’ gland clover and ‘Bolta’ balansa clover required the 
least thermal time (oCd) for the first leaf to appear.  In ambient temperatures (Propagation 
glass house ‘Rosabrook’, ‘Napier’, ‘Prima’ and ‘Bolta’ required 175 oCd, 174 oCd, 172 
oCd and 170  oCd, respectively for the first leaf tip to appear.  In the Alluminex glass house 
Variety
Days to 50% 
emergence
Accumulated Tt to 
50% emergence
Days to 50% 
emergence
Accumulated Tt to 
50% emergence
Permatas 10 b 188.8 b 19.00 a 158.4 b
Endura 11.25 a 210.3 a 20.62 a 179.1 a
Bartolo 7.625 de 147.9 de 13.50 cd 123.9 de
Tuscan 7.75 c 150.1 c 15.62 b 140.7 c
Bolta 6.5 f 128.6 f 10.75 e 102.6 f
La Lucilla 8.625 cd 165.3 cd 15.62 b 137.6 cd
Nomad 8 cd 154.4 cd 15.00 bc 134.1 cd
MAI 302 8.375 cd 161.0 cd 14.88 bc 134.2  cd
Napier 8.75 c 167.5 c 15.88 b 141.7 c
Rosabrook 8.875 cd 169.6 cd 15.00 bc 136.6 cd
Prima 7.25 ef 141.4 ef 11.75 de 110.8 ef
Grand mean 8.45 162.3 15.24 136.3
SEM 0.28 4.82 0.701 5.75
Effects
Glass house P< 0.01 P< 0.01 P< 0.01 P< 0.01
Variety P< 0.001 P< 0.001 P< 0.001 P< 0.001
Interaction 0.56 0.56 0.56 0.56
Alluminex Propogation
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‘Prima’ gland clover had the most rapid increase in main stem leaf appearance, it required 
73.8 oCd per leaf.  In the Propagation glass house ‘Prima’ gland clover and ‘Bartolo’ 
bladder clover had the lowest requirements of thermal time (oCd) for the appearance of 
each main stem leaf, these were 91.5 oCd/leaf and 81.3 oCd/leaf respectively.  In the 
Alluminex glass house ‘Endura’ Caucasian clover had the slowest main stem leaf 
appearance rate requiring 145 oCd/leaf. 
 
Table 4-4: Accumulated thermal time (oCd) requirements to first leaf appearance and 
phyllochron (oCd/leaf) for 11 different clover cultivars in the Alluminex (warm) 
and the Propagation (ambient) glass houses. 
 
 
Figures 4-3 through to 4-6 show the number of total and main stem leaves per plant which 
appeared over time.  These figures can be used to calculate the time when axillary shoots 
begin to appear.  When the total leaf number exceeds that of the main stem leaf number the 
first axillary shoot appears.  For most species in the trial the first axillary shoot appeared 
Variety Alluminex Propogation Alluminex Propogation
Endura 249.1 a 263.9 a 145.4 a 106.5 ab
La Lucilla 233.8 b 215.9 b 140.1 b 111.0 a
Nomad 222.6 c 203.9 c 128.7 c 102.4 abc
Tuscan 197.4 e 189.3 d 116.8 d 106.3 ab
Permatas 241.5 ab 220.6 b 114.3 d 105.1 abc
MAI 302 211.2 d 193.1 d 105.0 e 97.4 abc
Bartolo 204.3 de 196.4 cd 99.5 f 81.3 d
Rosabrook 178.6 fg 175.4 e 97.9 f 93.3 bcd
Napier 186.3 f 174 e 84.8 g 96.4 bc
Bolta 175.2 g 172.1 e 80.3 g 99.3 abc
Prima 178.6 fg 170.6 e 73.8 h 91.5 cd
Grand mean 207.1 197.7 107.86 99.1
SEM 3.47 3.87 1.829 4.98
Effects
Glass house P< 0.01 P< 0.01 P< 0.01 P< 0.01
Variety P< 0.001 P< 0.001 P< 0.001 P< 0.001
PhyllochronTt first leaf appearance (oCd)
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on average after 5-6 main stem leaves had appeared.  However, Caucasian clover did not 
produce axillary shoots until after 7 leaves on the main stem had appeared.  In both glass 
houses the slope of the of the main stem leaf appearance of ‘Endura’ Caucasian clover was 
significantly lower (P < 0.001) than all other species.  The total number of leaves produced 
by Caucasian clover throughout the trial reached a maximum of 6, and only one plant in 
the trial produced axillary shoots.  Alternatively ‘Prima’ gland clover and ‘Bolta’ balansa 
had a rapid leaf appearance rate.  The initial slope of the equation was not significant from 
other species however the change in slope was much greater than all other species.  
Throughout the trial balansa produced an average total leaf number of 25 and gland 
produced an average of 35 leaves after 61 days in the Alluminex glass house and 91 days 
in the propagation glass house.  
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Figure 4-3: Total leaf appearance (●) and main stem leaf appearance (○) of ‘Rosabrook’ 
subterranean clover, ‘Napier’ subterranean clover and ‘Bolta’ balansa clover 
when grown in a) the Alluminex glass house and b) the Propagation glass 
house. The fitted lines on the graph represent the theoretical slope calculated 
through a regression analysis of leaf appearance over time.  The equations of 
the fitted values are listed in the appendices. 
 
Days after sowing (Days)
0 20 40 60 80 100
Le
af
 N
um
be
r (
le
av
es
/ p
la
nt
)
0
10
20
30
0 20 40 60 80 100
Le
af
 N
um
be
r (
le
av
es
/ p
la
nt
)
0
10
20
30
0 20 40 60 80 100
Le
af
 N
um
be
r (
le
av
es
/ p
la
nt
)
0
10
20
30 (a) (b)
0 20 40 60 80 100
0
10
20
30
Days after sowing (Days)
0 20 40 60 80 100
0
10
20
30'Bolta' balansa
(b)
'Napier' Sub
0 20 40 60 80 100
0
10
20
30
'Rosabrook' Sub
(b)
35 
 
There was poor fit between the actual data and the slope equation calculated through the 
regression analysis for ‘Napier’ subterranean clover, ‘Tuscan’ red clover, ‘Permatas’ 
Talish clover in the Alluminex glass house and for ‘Bartolo’ bladder clover in the 
propagation glass house.   
 
Figure 4-4: Total leaf appearance (●) and main stem leaf appearance (○) of ‘Bartolo’ 
bladder clover, ‘Prima’ gland cover and ‘Tuscan’ red clover when grown in 
a) the Alluminex glass house and b) the Propagation glass house. The fitted 
lines on the graph represent the theoretical slope calculated through a 
regression analysis of leaf appearance over time.  The equations of the fitted 
values are listed in the appendices. 
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Figure 4-5: Total leaf appearance (●) and main stem leaf appearance (○) of ‘La Lucilla’ 
strawberry clover, ‘Permatas’ talish clover and ‘MAI 302’ alsike clover when 
grown in a) the Alluminex glass house and b) the Propagation glass house. 
The fitted lines on the graph represent the theoretical slope calculated through 
a regression analysis of leaf appearance over time.  The equations of the 
fitted values are listed in the appendices. 
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Figure 4-6: Total leaf appearance (●) and main stem leaf appearance (○) of ‘Nomad’ 
white clover and  ‘Endura’ Caucasian clover when grown in a) the Alluminex 
glass house and b) the Propagation glass house.  The fitted lines on the graph 
represent the theoretical slope calculated through a regression analysis of leaf 
appearance over time.  The equations of the fitted values are listed in the 
appendices. 
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Subterranean clover had the most rapid early growth rates after emergence, 33 days after 
sowing ‘Napier’ had the greatest shoot weight (0.052 g) followed by ‘Rosabrook’ which 
had a shoot weight of 0.0315 g.  As time from sowing continued up to 46 DAS 
‘Rosabrook’ and ‘Napier’ maintained their high growth rates and 46 days after sowing 
‘Napier’ had the greatest shoot weight at a weight of 0.132g.  The shoot weights of 
‘Permatas’ talish clover were significantly lower than all other species from 33 to 46 days 
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was 89% smaller than ‘Napier’ subterranean clover.  There were no differences in shoot 
weight between gland, alsike, white and strawberry clovers throughout the trial period.   
 
Figure 4-5: Average shoot weights (g) of each species grown in the Alluminex and 
Propagation glass house at various dates after sowing. 
 
 
4.2.5 Harvest 
4.2.5.1 Shoot and root weights 
In the Alluminex glass house ‘Bolta’ balansa clover, ‘Rosabrook’ subterranean clover and 
‘Napier’ subterranean clover were harvested 15 days earlier than all other species because 
they reached 8 fully expanded main stem leaves earlier than other cultivars. Due to the 
separate harvests ‘Bolta’, ‘Rosabrook’ and ‘Napier’ were analysed separately from the 
other cultivars. ‘Napier’ had a shoot weight of 0.174 g, this was greater (P = 0.03) than the 
shoot weight than ‘Rosabrook’ and ‘Bolta’.  Figure 4-7a shows that ‘Bartolo’ bladder 
clover and ‘Tuscan’ red clover had a higher shoot weight than ‘Bolta’, ‘Rosabrook’ and 
‘Napier’.  This occurred because balansa and the two subterranean clovers were harvested 
15 days earlier than all other species.  From the species which were harvested 61 days after 
Shoot weights (g) Alluminex Shoot weights (g) propagation
Cultivar 33 DAS 39 DAS 48 DAS 33 DAS 42 DAS 75 DAS
Napier 0.052 a 0.044 a 0.132 a 0.013 a 0.022 a 0.130 a
Rosabrook 0.031 b 0.052 a 0.089 b 0.009 b 0.018 b 0.129 a
Bartolo 0.017 c 0.034 ab 0.086 bc 0.004 c 0.008 c 0.082 b
Bolta 0.017 c 0.022 bc 0.082 bc 0.003 cd 0.006 cd 0.139 a
Tuscan 0.015 cd 0.024 bc 0.050 cd 0.002 cde 0.004 de 0.056 bc
Prima 0.007 de 0.014 c 0.035 d 0.002 de 0.003 de 0.051 bc
MAI 302 0.007 de 0.010 c 0.027 d 0.001 e 0.003 e 0.028 c
Nomad 0.006 de 0.009 c 0.022 d 0.001 e 0.003 e 0.029 c
La Lucilla 0.006 de 0.011 c 0.021 d 0.001 e 0.001 e 0.027 c
Permatas 0.004 e 0.009 c 0.015 d 0.002 de 0.002 e 0.037 bc
Grand mean 0.0162 0.0228 0.0558 0.0039 0.0068 0.071
SEM 0.0018 0.0036 0.0072 0.00068 0.0011 0.016
Significance < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
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sowing ‘Bartolo’ and ‘Tuscan’ produced greater (P < 0.001) shoot weights than all other 
species, with weights of 0.255g/plant and 0.225g/plant respectively.  These two species 
also produced root weights which were significantly greater (P < 0.001) than all other 
species, ‘Tuscan’ had a root weight of 0.049 g/plant and ‘Bartolo had a root weight of 
0.042 g/plant.  All other species had similar root weights.   
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a) Alluminex 
 
b) Propogation 
 
Figure 4-7: Average shoot and root weights (g/plant) of 11 different clover cultivars in a) 
the Propagation glass house and b) the Alluminex glass house. 
 
All species in the Propagation glass house were harvested together, therefore Figure 4-7b 
allows comparisons among species.  ‘Bolta’ balansa had shoot weight of 1.066 g/plant and 
a root weight of 0.093 g/plant.   ‘Bolta’ had a greater shoot and root weight than all other 
species (P < 0.001).   
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Plate 4-2: Each species after harvesting the Propagation glass house pot trial 96 days after 
sowing. 
 
 
4.2.5.2 Root: Shoot ratio 
There were no significant differences in the root: shoot ratio between ‘Bolta’, ‘Napier’ and 
‘Rosabrook’.  In both glass houses ‘Permatas’ talish clover had a greater root to shoot ratio 
than all other species. It had a root: shoot ratio of 0.315 g/plant in the Alluminex glass 
house and 0.326 g/plant in the Propagation glass house. In the Alluminex glass house 
‘Bartolo’ bladder clover and ‘Prima’ gland clover had root: shoot ratios of 0.0.174 g/plant 
and 0.172 g/plant respectively, these were lower than all other species.  In the Propagation 
glass house the five annual cultivars (Subterranean clover, balansa clover, bladder clover 
and gland clover) had the lowest root: shoot ratio when all species were analysed together. 
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a) Alluminex 
 
b) Propagation 
 
 
Figure 4-8: Average shoot: root ratio (g/plant) for 11 clover cultivars grown in a) the 
Alluminex glass house and b) grown in the Propagation glass house. 
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4.2.5.3 Leaf area 
From the species harvested 46 days after sowing in the Alluminex glass house, there was 
an average leaf area of 30.70 cm2 and there were no difference between the leaf areas of 
the three cultivars (Figure 4-9).  From the species harvested 61 days after sowing ‘Bartolo’ 
had the greatest leaf area (65.55 cm2/plant).  ‘La Lucilla’ strawberry clover and ‘Permatas’ 
talish clover had the lowest leaf area (25.35 cm2 and 20.64 cm2/plant, respectively).  The 
leaf area of ‘Bolta’, ‘Napier’ and ‘Rosabrook’ was greater in the propagation glass house 
than the Alluminex.  ‘Bolta’ had the greatest leaf area after the propagation harvest than all 
other species (P < 0.001), with a leaf area of 213 cm2.  ‘La Lucilla’ strawberry clover, 
‘Nomad’ white clover, ‘Permatas’ talish clover and ‘Endura’ Caucasian clover all had a 
lower leaf area than all other species with a leaf area no greater than 43.9 cm2.  
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Figure 4-9 Leaf area (cm2/cm2) of ten clover species at the final harvest in a) Aluminex 
and b) Propagation glasshouses at Lincoln University. 
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5 DISCUSSION 
 
5.1 Emergence 
In Experiment 1 at Ashley Dene gland clover had the greatest number of seedlings which 
emerged.  The reason for this was that gland clover was sown at double the sowing rate of 
all other species (rate of 40 kg/ha).  It was sown at a high rate because germination tests 
showed a germination percentage of 32%, however after further germination tests it was 
shown that gland had a germination of 77%.  When seed weight was taken into 
consideration by calculating the proportions of sown seeds that emerged subterranean 
clover had the greatest field emergence (87% when sown in the 15 March and 94% when 
sown on the 3rd April).  White clover, gland clover and balansa clover all had a similar 
emergence (between 15% and 19%), this was lower than expected.  This shows that seed 
size may play a major role in field emergence of legume species.  Subterranean clover has 
a very large seed with a weight of 8.6 compared with gland clover, white clover and 
balansa clover which have seed weights of 0.8 g, 0.72 and 0.99 g respectively.  Hampton et 
al. (1999) showed that with increasing seed weight of tetraploid ryegrass there was a 
greater proportion of seeds that emerged.  The large subterranean clover seed may contain 
more seed reserves which could aid in establishment compared with other species in the 
trial.  The sowing depth may have been too deep for successful emergence of gland, 
balansa and white clover and this could have been the reason for poor emergence of these 
species.  It is recommended to sow these species no deeper than 10 mm, perhaps a sowing 
depth of 8 mm may improve the emergence. 
In the pot trial the emergence of each species was most affected by the germination 
percentage of the cultivar.  In most species the number of seeds which emerged in the pot 
trial was similar to the results in the germination test.  This occurred because after 
germination seedlings emerge from the soil at a linear rate with thermal time (Moot et al., 
2000).  The emergence of ‘Bolta’ balansa, ‘MAI 302’ alsike and ‘Permatas’ talish clover 
was lower than expected after looking at the germination tests.  This may have occurred 
because they have a small seed and may have been sown to deep for optimum emergence 
and survival.  Leishman and Westoby (1994) showed that species with smaller seeds tend 
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to have lower emergence because they have less reserves for survival and deep sowing can 
result in poor survival.   
The accumulated thermal time to emergence and for phyllochron in experiment two was 
19% greater on the Alluminex glass house than the Propagation glass house.  It was 
expected that the accumulated Tt to emergence would be the same in each glass house 
because there was a close relationship between plant development and temperature.  
Temperature is a major factor altering the time to germination and emergence (Moot et al. 
2000).  Tt provides easily transferable and repeatable values that are independent of season 
and location (Black et al., 2002).  Therefore the thermal time requirements to emergence 
are generally very accurate.  The difference in the Tt requirements between glass houses in 
experiment two may have occurred because the air temperature at a height of 
approximately 2 m was used to calculate the thermal time requirements.  Pots in the 
Alluminex glass house were on tables at a height of 1 m above the ground and the pots in 
the Propagation glass house were at ground level.  Prior to emergence the soil temperature 
would be a more accurate measure of temperature for thermal time because it is the soil 
temperature which alters the rate of germination and emergence.  Therefore the use of soil 
probes to measure the temperature may have been a more accurate way of measuring the 
thermal time to emergence.   
In most cases the annual clover species had more rapid emergence than perennial clover 
species.  Balansa and gland were the fastest species to emerge while Caucasian was the 
slowest to emerge, followed by talish clover.  In this trial the Tt to 50% emergence of 
balansa clover was 128 oCd and 102 oCd in the Alluminex and Propagation glass house 
respectively, it has the lowest Tt requirement to 50% field emergence. Monks, (2009) and 
Monks and Moot (2010) measured the Tt to 50% emergence of ‘Bolta’ balansa using a 
base temperature of 0 and found that it required 59 oCd however the soil temperature was 
used to calculate the thermal time.  Moot et al. (2000) showed that subterranean clover 
required 112 oCd to 50% field emergence.  In the current trial ‘Rosabrook’ subterranean 
clover required 137 and 168 oCd to 50% emergence.  The Tt requirements to 50% 
emergence shown by Moot et al. (2000) and Monks (2009) were lower than the results 
from the current trial.  The difference may have occurred because air temperature was used 
to measure Tt in this trial and soil temperatures were used in previous trials.  In general the 
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Tt requirements in the propagation glass house were closer to previous reports than those 
in the Alluminex glass house. 
5.2 Dry matter production and clover % in the field 
In Experiment 1 there were no differences in dry matter production between species for 
sowing dates 1, 2 and 3.  There were two key reasons for this; firstly grass grub reduced 
the survival of the establishing legume species.  The grass grub damaged the roots of the 
emerging species and this caused a major reduction in plant survival, resulting in very low 
proportions of clover remaining in the sward.  Grass grub damage to pastures can be 
minimized, firstly by early recognition; this can be done by digging a spadeful of soil out 
of the ground and counting the numbers of grass grub.  Once grass grub is recognised there 
are several commercial insecticides which can be used to control the grass grub, however 
management to prevent and control grass grub may be best.  Management practices 
include direct drilling, heavy stocking and heavy rolling to control the grass grub 
otherwise increasing fertiliser application rates allows the pasture to have a greater ability 
of withstanding the grass grub.  Otherwise the use of pasture species which are more 
tolerant of grass grub may avoid damage (East et al., 1986).  Secondly the resident pasture 
dominated the sward, therefore the sown clover species had only a very small contribution 
to the overall pasture production.  Livestock grazing about 6 weeks after establishment 
may improve the proportion of sown clover in the sward, because more light will become 
available to the legumes for improve growth.  It is generally suggested to graze the 
establishing legumes when they reach 4-6 trifoliate leaves, this optimizes establishment.  
Moot et al. (2003) quantified that the time for seedling to produce 6 leaves was 434 ºCd.  
In the sowing date four treatment plots containing gland clover produced the more dry 
matter than any other species.  The plots containing gland clover produced a dry matter 
yield of 1027 kg DM/ha.  This shows that gland clover is a rapid growing legume species 
which establishes well when direct drilled into a pasture.  The greater sowing rate of gland 
may have contributed the higher yield.   
There were very low percentages of clover in the pasture sward from sowing date one two 
and three.  In all of these treatments there was less than 8% clover in the sward.  This 
occurred because the resident pasture suppressed the clover during establishment resulting 
in poor survival and poor dry matter production of the sown clover species.  Another 
reason may be that large amounts of clover were killed by grass grub.  The establishing 
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clover may have been more susceptible to grass grub than the already established resident 
pasture species.  From the analysis of sowing date two and three, plots sown with gland 
clover contained a greater percentage of clover than any other species (Figure 4-1).  This 
shows that gland clover may be less susceptible to grass grub than the other legume 
species sown.  The results from sowing date four show that subterranean clover plots 
contained more clover than any other species.  This was not expected because in all other 
treatments gland clover has been the most successful species.  Subterranean clover may 
have had greater establishment in the colder conditions than gland clover.  This was sown 
on the 13th May much later than the recommended time (mid-autumn) to sow gland clover.  
More significant results were seen in the sowing date four treatments because the more of 
the resident pasture was killed by the glyphosphate prior to sowing.  There was a 
significant effect of glyphosphate in the sowing date four treatments.  There was a small 
rainfall event prior to sowing date four and the lower temperatures resulted in improved 
effectiveness of glyphospate.  Chase and Appleby (1979) showed that glyphosphate was 
less effective in low moisture environments.  The poor regrowth of resident species after 
glyphosphate application aided in improved establishment of the sown legumes species.  
This resulted in greater clover proportions in the sward and the sown species had a greater 
contribution to the total dry matter yield. 
5.3 Leaf area and plant shoot and root weights 
The annual clover species in this pot trail had earlier leaf appearance and greater shoot 
growth rates in early establishment than perennial species.  The annual clover species 
required less thermal time to emergence, first leaf appearance and for phyllochron and they 
required less time until secondary shoot appearance than perennial species. This occurred 
because the perennial species have a longer lifespan than annuals and therefore they 
require a well-established root to maximize survival and persistence. Perennial species 
partition more energy into developing a root in early establishment and less energy toward 
the above ground green material. 
The rapid emergence and leaf appearance of the annual legumes resulted in greater shoot 
growth rates and greater shoot weights of the annual species at harvest.  This shows that 
the shoot growth rates correspond closely to the leaf area.  The rapid leaf appearance of 
annuals resulted in a greater leaf area, more light interception and therefore more 
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photosynthesis could take place resulting in improved plant growth rates.  However the 
shoot growth rates after emergence (33-46 days after sowing) may not only be affected by 
leaf area.  Balansa and gland clover had the most rapid leaf appearance throughout the trial 
however subterranean clover produced higher shoot weights from 33 – 46 days after 
sowing.  This may have occurred because subterranean clover has a large seed containing 
many seed reserves. This may have aided in the initial rapid shoot growth rates of 
subterranean clover after emergence.   
All annual species with the exception of gland clover (which had lower shoot weights than 
red clover) had greater shoot weights throughout the trial than perennial species.  Annual 
species also tended to have a greater shoot weight, a greater cumulative root and shoot 
weight and a greater leaf area than perennial clover species at the final harvest (Figure 
4-7).  This occurred because the annual species had more rapid early shoot growth than 
perennial species.  This was reinforced in the current trial by Figure 4-8 which showed that 
the 6 perennial species had significantly (P < 0.001) higher root: shoot ratios than the five 
annual clovers grown in the trial. By definition annual legumes do not expend energy 
developing perennial root structures.  Instead they partition a larger proportion of carbon 
synthate into the above ground shoots than perennial legumes (Thomas, 2003).   
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6 GENERAL DISCUSSION AND CONCLUSIONS 
The aim of this study was to gain an understanding of the establishment and early growth 
characteristics of several annual legumes and understand which species would be best 
suited to growing in dryland pastures.  In dryland farming systems it is important to 
maximize the amount of legumes in flat land and hill country pastures.  This is important 
because legumes provide a high quality feed source for animals, they grow and persist well 
in pastures to contribute to pasture dry matter production and to fix nitrogen.  Nitrogen 
fixation by legumes is the main source of nitrogen for pastures in most dryland hill country 
systems.  However to maximize the proportion of legumes in the pasture establishment of 
the legumes is crucial.   
The use of annual legumes in pastures if managed correctly will result in pasture swards 
containing a proportion of clover.  This occurs because annual legumes have more rapid 
emergence and leaf appearance than perennials which gives them an advantage during 
establishment. Balansa, gland and subterranean clovers have rapid emergence, leaf 
appearance and the greatest shoot growth rates after emergence.  This gives them a 
competitive advantage to capture light because they emerge and produce leaves sooner 
than grasses (Moot et al., 2000).  As a result they have greater light interception and a 
greater rate of photosynthesis causing rapid herbage accumulation.  In dryland field 
conditions at Ashley Dene gland clover proved that it could establish successfully when 
direct drilled into a pasture sward and it may have greater tolerance to grass grub than 
other annual legumes.  Grigg et al., (2008) showed that subterranean clover can be 
successfully grown in dry hill country pastures in Marlborough, using the appropriate 
grazing management pasture swards in spring contain up to 50% subterranean clover.  This 
highlights the potential of annual clovers in dryland areas throughout New Zealand. 
In dryland systems rainfall is crucial for pasture growth, the peak dry matter production of 
gland, subterranean clover and balansa clover occurs during late winter and spring.  At this 
time of the year rainfall is most reliable in a dryland climate and therefore (given that there 
are adequate levels of nutrients available) legume growth rates will be rapid to produce 
high quality pastures.  Therefore, annuals may be a better legume to grow in dryland area 
than perennial clovers.  Peak production of white clover occurs in summer, this results in 
poor summer legume production because soil moisture deficits limit the growth of white 
clover.  Annual legumes naturally regenerate by setting seed in late spring, remaining 
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dormant as a seed over summer and re-establishing in autumn.  Hard seed may cause 
problems in the reestablishment of these legumes.  Subterranean clover and balansa clover 
may be better alternatives to gland because gland has very slow hard seed breakdown, 
which may result in poor germination of gland during reestablishment.   
Perennial clovers such as white clover and Caucasian clover are slower to emerge and 
have slower leaf appearance rates because in early development they put more energy into 
developing root systems.  When direct drilled into a pasture sward, the grasses in the 
pasture mix may outcompete the legumes for light and suppress the clover growth during 
establishment.  Caucasian clover is very hard to establish in pasture swards because it is 
slow to emerge and has a slow rate of leaf appearance, therefore it is easily suppressed by 
grasses in the sward. However, once it is established it has great persistence in a pasture 
and is high producing in dry climates because it has a well-developed taproot.  Red clover 
may be a better perennial alternative to white clover when growing in pasture in dry 
climates, it has better shoot growth weights and produced a heavier root than white clover.  
It develops a deep taproot for better growth and survival in dry conditions. 
A system combining annual and perennial legumes could be used in dryland pastoral 
systems. The annual species such as subterranean and balansa clovers would provide the 
bulk of legume production in late winter and spring. Then a perennial legume such as red 
clover could be used to provide legumes in the pasture throughout the summer when the 
annuals are dormant. 
Further research is required on the establishment and growth rates of alternative legumes 
species grown in a pasture in the field.  Little is known about alsike, bladder, talish and 
strawberry clover.  These species may have the potential for use in some New Zealand 
farming systems. 
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6.1 Conclusions 
Rapid germination, emergence, leaf appearance and shoot growth rates are important for 
the success of legumes establishing in pastures.  Annual legumes have the potential to 
establish well in pastures because they have rapid emergence, leaf appearance and shoot 
growth in early establishment.  There is great potential for annual species in dryland 
pasture systems.  Subterranean clover and balansa clover may be the best species to use in 
dryland pastures.  Red clover may be one of the best perennial legumes for dryland 
pastures because it had a deep taproot for better persistence and summer growth and it has 
higher shoot growth rates in early establishment than white clover. 
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APPENDICES 
EXPERIMENT 1 
Appendix 1: Clover species and sowing rate in experiment 1 at Ashley Dene.  
Clover species Cultivar Sowing rate (g/plot) 
Gland ‘Prima’ 84 
Persian ‘Nitroplus’ 42 
Subterranean ‘Rosabrook’ 42 
Balansa ‘Bolta’ 42 
White ‘Nomad’ 42 
Lucerne ‘Stamina 5’ 42 
 
EXPERIMENT 2 
Appendix 2 Leaf appearance regression analysis 
 
Appendix 2a: The y-intercept (A), slope (B) and rate of change of slope (R) from a 
regression analysis of the total leaf appearance in the Alluminex and 
Propogation glass houses 
 
 
 
 
 
 
 
Alluminex Propogation
Cultivar A B R Cultivar A B R
Rosabrook 0.221 0.471 1.074 Rosabrook -1.997 1.339 1.032
Tuscan -0.364 0.786 1.067 Tuscan 0.14 0.277 1.043
Napier -0.77 0.878 1.054 Napier -4.61 3.249 1.023
Bartolo 0.239 0.514 1.063 Bartolo -1.286 1.256 1.036
Endura -11.36 10.765 1.009 Endura -2.841 2.273 1.014
La Lucilla -0.358 0.679 1.051 La Lucilla 0.239 0.18 1.047
Permatas -6.963 6.538 1.022 Permatas -3.059 2.335 1.018
Bolta 0.009 0.504 1.083 Bolta -1.551 1.095 1.037
MAI 302 -0.015 0.532 1.062 MAI 302 -0.063 0.341 1.042
Prima -0.289 0.816 1.062 Prima -0.075 0.382 1.051
Nomad -0.258 0.476 1.065 Nomad -0.302 0.326 1.044
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Appendix 2b: The y-intercept (constant) and slope (Variate) of linear regressions analysed 
for total expanded 11 difference clover cultivars in the Alluminex and 
Propogation glass house. 
 
Appendix 2c: The y-intercept (constant) and slope (Variate) of linear regressions analysed 
for total main stem leaf appearance 11 difference clover cultivars in the 
Alluminex and Propogation glass house. 
 
Alluminex Propogation
Cultivar Constant Variate Cultivar Constant Variate
Rosabrook -1.431 0.1506 Rosabroo  -3.132 0.1114
Tuscan -1.538 0.1283 Tuscan -2.982 0.0895
Napier -1.818 0.1796 Napier -3.33 0.1166
Bartolo -1.965 0.1552 Bartolo -3.157 0.0976
Endura -1.67 0.1037 Endura -2.594 0.0634
La Lucilla -1.66 0.1156 La Lucilla -3.251 0.088
Permatas -2.167 0.1392 Permatas -4.063 0.107
Bolta -2.101 0.1965 Bolta -4.564 0.1452
MAI 302 -1.969 0.1456 MAI 302 -3.602 0.1027
Prima -2.63 0.2067 Prima -4.633 0.1448
Nomad -1.718 0.1219 Nomad -2.867 0.084
Alliminex Propogation
Cultivar Constant Variate Cultivar Constant Variate
Rosabrook -1.24 0.1826 Rosabroo  -1.904 0.1189
Tuscan -0.66 0.1515 Tuscan -1.523 0.0889
Napier -1.442 0.1916 Napier -2.043 0.1244
Bartolo -0.981 0.1728 Bartolo -1.998 0.1048
Endura -0.126 0.1141 Endura -1.484 0.0656
La Lucilla -0.303 0.1195 La Lucilla -1.608 0.0818
Permatas -1.258 0.1586 Permatas -2.287 0.1027
Bolta -1.925 0.2225 Bolta -2.481 0.1396
MAI 302 -1.348 0.1693 MAI 302 -2.002 0.1037
Prima -2.676 0.2554 Prima -3.047 0.1547
Nomad -0.658 0.1352 Nomad -1.59 0.0862
